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The observations on the parasitic amebas that have been made within
recent years have emphasized the importance of distinguishing between
the species parasitic in the intestine of man, and it is the purpose of
this contribution to give, as briefly as possible, the chief morphological
points on which such a differentiation must rest, and the technic that I
have found most helpful in demonstrating the morphology of these
parasites. In order that what follows may be clear, a brief review of our
present knowledge of the intestinal entamebas of man is necessary.

HISTORICAL ACCOUNT

In 1903, Schaudinn1 described and differentiated two species of
entamebas parasitic in the intestine of man. One of these, the cause of
the disease known as amebic dysentery, he named Entamoeba histolytica,
while the other, a harmless commensal, he named Entamoeba coli.
In 1905, while studying these parasites in soldiers invalided home

from the Philippine Islands with dysentery, I confirmed Schaudinn's
observations, and published my results in the summer of that year.2 In
that paper I detailed the morphology of both species and the results of
experiments on kittens with these entamebas, being the first to confirm
Schaudinn's statements regarding the pathogenicity of E. histolytica,
and the non-pathogenicity of E. coli to these animals. At that time I
suggested that the ameba concerned in the causation of dysentery be
named Entamoeba dysenteriae, but as the name dysenteriae was after¬
ward shown by Stiles3 to be merely a synonym of coli, I adopted Schau¬
dinn's name histolytica for this parasite.

Hartmann,4 in 1906, confirmed Schaudinn's classification of the
intestinal entamebas of man, but for several years the distinction between
E. colt and E. histolytica was disputed by most authorities, largely owing
* From the U. S. Army Central Department Laboratory.
* Submitted for publication Jan. 8, 1914.
1. Schaudinn, F.: Arb. a. d. k. Gsndhtsamte, 1903, xix, 547.
2. Craig, Charles F.: Am. Med., 1905, ix, 854, 897, 937.
3. Stiles, C. W.: Proc. Am. Public Health Assn., 1905, xxx, 292.
4. Hartmann, M.: Arch. f. Protistenk., 1909, xviii, 207.
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918 THE ARCHIVES OF INTERNAL MEDICINE

to the observations of Musgrave and Clegg5 on the amebas they secured
on artificial culture-mediums and their conclusion that these amebas
were identical with those found parasitic in the intestine of man, and
"that all amebas are or may become pathogenic"
In 1907, Viereck6 described a species of ameba observed in certain

cases of dysentery which differed markedly from the original description
of E. histolytica and which he regarded as a new species, naming it
Entamoeba tetragena. His observations were confirmed by Hartmann,7
Werner,8 Darling,9 Whitmore,10 and myself, but further study has shown
that in reality E. tetragena is identical with E. histolytica, a portion of
the life cycle of the latter parasite having been erroneously described
by Schaudinn, Hartmann and myself, as well as by others.

Walker11 was actually the first to point out that E. tetragena is
identical with E. histolytica, and all of the work that has been accom¬

plished by other investigators since his paper appeared has simply been
confirmatory of his conclusions, and at present all students of the subject,
who have had sufficient material on which to work, are agreed that two
well-defined species of entamebas occur in the intestine of man, E. his¬
tolytica and E. coli. The first is the cause of amebic dysentery, while the
second is a harmless commensal, occurring in the intestines of a varying
percentage of individuals, in both health and disease, in almost every
part of the world.
In 1905 and later, I stated12 that the parasitic amebas of man had

not been cultivated, nor could they be cultivated, on the ordinary culture-
mediums employed by those who claimed to have cultivated these organ¬
isms from the feces or other material, and this statement has been amply
confirmed by nearly every subsequent investigator. At present there is
no adequate proof that a single species of entameba has ever been culti¬
vated on any artificial medium. A few observers still claim that the
amebas that they have succeeded in cultivating are identical with the
entamebas of the human intestine but their claims have been refuted by
many investigators and it has been conclusively shown that the amebas
so cultivated are entirely distinct from the entamebas of man, and have
nothing to do with the production of dysentery.

5. Musgrave, W. E., and Clegg, M. T.: Rep. Bur. Govt. Lab., Biol. Lab.,
Manila, 1904, No. 18.

6. Viereck, H.: Arch. f. Schiffs u. Tropen-Hyg., 1907, xi, 1.
7. Hartmann, M.: Arch. f. Protistenk., 1912, xxiv, 163.
8. Werner, H.: Indian Med. Gaz., 1909, xliv, 241.
9. Darling, S. T.: Jour. Trop. Med., 1912, xv, 1.
10. Whitmore, E.: Arch. f. Protistenk., 1911, xxiii, 7.
11. Walker, E. L.: Philippine Jour. Sc., Sec. B, 1911, vi, 259.
12. Craig, Charles F.: Am. Med., 1905, ix, 854, 897, 937; Jour. Infect. Dis.,

1908, v, 324; The Parasitic Amebae of Man, Philadelphia, 1911, p. 58, Jour.
Infect. Dis., 1913, xiii, 1.
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Since 1905 I have consistently maintained the specificity of E. his¬
tolytica and E. coli, and in my first paper, and since, have insisted that
it is possible to differentiate these two species in material containing
them. I have also proved that neither of these parasites can be cultivated
on ordinary culture-mediums, and that, while E. histolytica, when fed
to kittens or injected into the rectum, produces typical amebic dysentery
and even liver abscesses, E. coli is harmless to them. Many observers
have confirmed my conclusions; but the recent publication of Walker
and Sellards'13 experimental work on man with both cultural and para¬
sitic amebas definitely proves every point for which I have contended for
years. They have shown conclusively that the amebas that can be cul¬
tivated from water, from the feces of man and other animals and from
other sources, are incapable, when ingested, of producing the symptoms
or lesions of dysentery in man, and that they are not entamebas but free-
living amebas, having nothing to do with the production of dysentery and
unable to live as parasites in man. They have also proved beyond dispute
that E. histolytica and E. coli are distinct species, and that when fed to
man, E. histolytica produces the symptoms and lesions of amebic dysen¬
tery, while E. coli, though a parasitic species, is harmless.

While all of the essential points covered in this paper have been
previously proved by experimentation on the lower animals, the results
obtained by Walker and Sellards possess the very great advantage of
having been worked out on man, the natural host of histolytica and coli,
and, in my opinion, settle for all time the question of the relation of
parasitic and cultural amebas to disease in man.

THE IMPORTANCE OF DIFFERENTIATING E. HISTOLYTICA AND E. COLI

In discussing the importance of differentiating between E. histolytica
and E. coli, Walker14 states that such differentiation is possible from a

study of the morphology and life-cycle of these parasites, an opinion
which I have constantly advocated, and which has been steadily gaining
ground among students of the subject since the paper of Schaudinn first
appeared, although some investigators, in their writings, have given the
impression that such a differential diagnosis is a matter of the very
greatest difficulty, only to be attempted by a protozoologist. While I
would be the last to state that these parasites can be differentiated by one
with little or no experience in the study of intestinal protozoa, I do
believe that the study of a few suitable cases of infection should enable
one to differentiate the common intestinal entamebas of man. Eecent
researches have shown that there are but two species of importance
13. Walker, E. L., and Sellards, A. W.: Philippine Jour. Sc., Sec. B, 1913,

viii, 253.
14. Walker, E. L.: Philippine Jour. Sc., Sec. B, 1911, vi, 259.
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occurring in man and I am convinced that any one trained in the use of
the microscope and in the study of the common bacteria and protozoa of
man should have no difficulty in recognizing E. histolytica or E. coli.

The importance of differentiating these parasites can hardly be over¬
estimated, and attention was called to it in my first paper published in
1905. Our statistics regarding the occurrence of amebic dysentery are

very largely valueless because but little effort has been made to identify
the species of entameba present, numberless infections with E. coli being
mistaken for infections with E. histolytica and diagnosed as amebic
dysentery, whether symptoms were present or not. In fact, some prac¬
titioners have gone so far as actually to treat for amebic dysentery every
person showing an ameba in the feces, even in the absence of any effort
to identify the ameba present, and very wonderful records of successful
treatment of this disease have been thus built up on mistaken diagnoses.
The mere finding of an ameba in the feces means nothing unless the
species be identified, and at present a diagnosis of entamebic dysentery
based on anything else than the identification of the entameba present as
E. histolytica is not only unscientific but unjustifiable.
It is now well known that E. histolytica may live in the intestine of

man for weeks, or even months, before symptoms of its presence are

noticed. Persons thus harboring the parasite are efficient "carriers" of
the infection, and undoubtedly are largely responsible for the spread of
the disease. The great importance of the recognition of such infections
is evident, and to recognize them it is necessary to be able to differentiate
this entameba from the harmless E. coli, so commonly present in most
tropical and subtropical regions in healthy persons. The importance of
the discovery of these "carriers" emphasizes the great value of a routine
examination of the feces of people living in regions in which entamebic
dysentery is endemic, even when no symptoms of intestinal disease are

present, and may be compared with the importance of the examination
of the blood of both healthy and diseased persons in malarial regions in
the prophylaxis of that disease. Not only will the carriers of the infec¬
tion thus be recognized, but treatment can be instituted when it will
prove most efficient, that is, before severe lesions have been produced in
the intestine.

The differential diagnosis of E. histolytica and E. coli depends on a

careful study of the morphology and life-cycle of these parasites both in
the living condition and in properly stained preparations. While I
believe that one trained in the study of these organisms can differentiate
them in the living condition, it is always best to confirm such a diagnosis
by the study of a stained preparation. The methods given in the follow¬
ing section are those I have found most useful in my own work and all of
them can be followed by anyone trained in laboratory technic I have
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not endeavored to give a large number of methods of staining, as I have
found that it is much better to perfect oneself in one or two methods
rather than to try to master all that may have been recommended.

TECHNIC

The intestinal entamebas of man may be studied either in the living
condition or in stained preparations, and with either method of exam¬
ination a differential diagnosis between E. histolytica and E. coli can be
made. The study of the living parasites has been sadly neglected by
some protozoologists, largely because of lack of material, and I am firmly
of the opinion that this neglect has led to many mistakes in the inter¬
pretation of vital phenomena because of the great reliance these author¬
ities have placed on the morphology of the stained entamebas. Indeed,
some investigators have gone so far as to state that these parasites should
only be studied in stained preparations, a statement which appears
absurd to one who has had the opportunity of studying many living
preparations, for it is just as easy to differentiate these parasites in the
living condition as when stained, if one has had sufficient experience.

While, as I have already stated, it is always well to confirm one's
species diagnosis by stained specimens, I am satisfied that in most cases
a diagnosis of E. histolytica or E. coli can be made without recourse to
staining the organisms and that this is the best and simplest method of
diagnosing all types of intestinal infection with entamebas.

Preparation of Living Specimens.—In examining feces for living entamebas
a small portion of a freshly passed stool is picked up with a platinum loop,
placed on a microscopic slide, covered with a cover-glass, and gentle pressure
exercised until the material is evenly spread. Care should be taken not to make
too thick a preparation and several should be examined before a negative result
is reported. I have repeatedly found a few entamebas in the ninth or tenth
preparation examined, and sometimes I have had to examine as many as fifteen
preparations before entamebas were discovered.

The feces may be examined in the normal condition, that is, without pre¬
vious purgation, or a purgative may be administered before the examination.
In my own experience I have obtained the best results after the administration
of a purgative, especially in the demonstration of infections with E. coli, but
Walker15 advocates the examination of stools without previous purgation, because
of the greater ease with which a differential diagnosis between E. histolytica and
E. coli may be made. This has not been my experience and I would recommend
the administration of a saline cathartic before the examination in all cases In
which the stools are well formed. If partially formed or formed stools are to
be examined it is necessary to dilute a small portion of the feces with normal
salt solution or the preparation will be too opaque for examination.
It is always best to examine the feces immediately after passage for in such

specimens the vegetative stages of the parasites, if present, are motile and there¬
fore easily recognized. Many authorities have stated that the diagnosis of an
entamebic infection should never be made unless the entamebas are observed in
a motile condition; but such advice is pernicious, in that it would result in over-

15. Walker, E. L.: (With Sellards) Philippine Jour. Sc., Sec. B, 1913, viii, 253.
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looking all latent and chronic infections in which the entamebas are encysted
and, of course, motionless. As the recognition of the latent cases or "carriers"
is of the greatest practical importance from a prophylactic point of view, it
can be easily understood that such a statement might result in great harm, as
a matter of fact, to one who has had sufficient experience in the study of these
parasites, it is just as easy to recognize a non-motile entameba as a motile one,
provided degenerative changes have not occurred, and, as the cysts of entamebas
persist unchanged for several hours in the feces, one may demonstrate them in
material that has been collected for some time. In fact, in the tropics and sub-
tropics, I have often observed motile entamebas in feces that had been kept at
room temperature for several hours.
If the feces are to be transported for any distance before the examination is

made, they should be placed in a warm vacuum bottle or similar receptacle. No
disinfectant should be mixed with stools that are to be examined for entamebas.
After preparing the specimen for examination as directed, the cover-glass

should be ringed with petrolatum, and the specimen examined first with a %-inch
objective and a 1-inch eye-piece, and later with the I42"inch oil-immersion objec¬
tive. If one is experienced in the examination of feces for entamebas much time
will be saved by going over the specimen with the %-inch objective and 1-inch
eye-piece, picking out the suspicious objects, and then examining them with the
higher power objectives; but considerable experience is required to recognize
the entamebas with the lower-power lens mentioned.
If the preparation contains motile entamebas, they are generally easily recog¬

nized even by one having little or no experience in the study of these organisms,
but the non-motile, precystic and encysted forms, while very distinctive to an

experienced observer, may be easily confused by the inexperienced with other
bodies occurring in the feces. Attention to a few simple points, however, will
serve to distinguish entamebas from other objects found in the feces. In the
resting stage these parasites are larger than pus-cells or protozoa that could be
confused with them, are more refractive in appearance, and are characterized by
a nucleus which is small in size when compared with the nucleus of other cells,
and which consists of a very refractive ring of minute granules enclosing a homo¬
geneous substance. If blood is present in the feces the red blood-corpuscles are

often observed within E. histolytica and this serves at once to distinguish this
parasite from other cells or protozoa.

When the entamebas are encysted they are larger than the cysts of other
intestinal protozoa, are spherical or oval in shape, very refractive, and possess
a distinct cyst-wall. From two to eight or more nuclei are present within the
cyst. It is comparatively easy to distinguish the cysts of E. histolytica from
those of E. coli, as will be explained later.

The use of a warm stage or an incubator for holding the microscope is not
necessary unless one desires to study the life-cycle of entamebas while living, when
some apparatus that will keep the organisms at body temperature is absolutely
necessary. Much may be learned regarding their vital activities from the study
of living entamebas in this manner.

Preparation of Stained Specimens.—In structure the entamebas are very deli¬
cate organisms and it is undoubtedly true that any method of fixing and stain¬
ing them will cause some distortion and morphological change, so that it is essen¬
tial, if one desires the best results, to select staining methods that have been
found to produce the least artificial change in the morphology of the parasites.
In 1905 I recommended10 the use of Wright's stain, after dry fixation, as a

useful clinical method of differentiating E. histolytica from E. coli, and my
observations regarding the use of this modification of the Romanowsky stain have
since been confirmed by James,17 who has secured excellent results by double stain-

16. Craig, Charles E.: Am. Med., 1905, ix, 854, 897, 937.
17. James, W. M.: New York Med. Jour., 1913, xcvii, 702.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/01/2015



CHARLES F. CRAIG 923

ing with Hastings' and Giemsa's stains. While these stains, however, preceded
by dry fixation, will suffice for the differential diagnosis of these parasites, much
better results, as regards morphological detail, are secured by wet fixation, fol¬
lowed by one of the hematoxylin stains, and as some of these methods are but
little more difficult of application than the modifications of the Romanowsky
stain, I believe that they should be generally adopted when stained preparations
of the entamebas are to be studied.

To prevent alteration in morphology at any stage of fixation or staining rapid
handling and the use of the process of wet fixation are necessary, as drying
markedly distorts the nuclear structure of the entamebas on which a consider¬
able part of our differential diagnosis depends.
I believe that it is much better to make the smears of the material to be

examined on microscopic slides, although some authorities prefer cover-glasses.
The slides are easier to handle and a much larger smear may be made, thus
increasing the chances of finding well-stained entamebas. Some form of jar
should be used in which to place the various solutions used in the process of
fixing and staining, to which the preparations are transferred during staining,
and for this purpose I have found the Coplin staining-jar, which may be obtained
from any dealer in microscopical goods, an excellent one.

The same directions should be followed in selecting material from the feces
to be stained for entamebas as have been already described for making living
preparations; but the smear must be made very rapidly and placed immediately
in the fixing solution, to prevent drying, which, as remarked, will render it use¬
less. The material may be smeared in various ways, but I have found that the
simplest method is to place a small portion of the material to be examined near
one end of the slide, and then to draw it forward over the slide with the end of
another slide applied nearly at right angles to the slide containing the material.
A little practice will be found necessary before thin, even smears are obtained,
but the method is much better than rubbing the material over the slide with a

platinum loop.
The character of the material examined has much to do with the success of

smearing with a slide, for if much mucus be present it will be found impossible
to spread it evenly in this manner, and then it will be necessary to use the
platinum loop. If the feces are of solid consistence, an emulsion of a portion
should be made with normal salt solution, and this emulsion used for making
the smears. James recommends making the smears with a camel's-hair brush
and this is an excellent method if little mucus is present. When the entamebas
are few in the material to be examined, as determined by a preliminary micro¬
scopic examination, a portion may be diluted with warm normal salt solution,
centrifuged, and smears then made from the sediment.

The most important points to bear in mind in making the smears are that
they should be as thin as possible and that they should be placed in the fixing
solution immediately.
Fixing the Preparations.—Many solutions have been recommended for fixing

entamebas, but I have found that Schaudinn's sublimate-alcohol mixture answers

every requirement and is a suitable mixture for use with any of the hematoxylin
stains.

This mixture consists of two parts of a saturated solution of mercuric chlorid
in normal salt solution, and one part of absolute alcohol. The mercuric chlorid
solution is made by adding the mercury to boiling normal salt solution until
saturation occurs. This may be kept indefinitely as a stock solution.

The mixture with the alcohol is made just before use and should be kept at
the body temperature during the fixing process. The addition of 3 per cent, of
glacial acetic acid improves the fixing qualities of the solution, but is not
necessary.

Immediately after the smears are made they are immersed in this fixing fluid,
which is heated to 37 C (98.6 F.), and fixed for five minutes. They are then
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transferred to jars containing various strengths of alcohol in the manner indi¬
cated in the following scheme:
In sublimate-alcohol, at 37 C. for five minutes; 50 per cent, alcohol for five

minutes; again in 50 per cent, alcohol for five minutes; 70 per cent, alcohol for
fifteen minutes; iodin alcohol (alcohol to which enough tincture of iodin has
been added to produce a brown color) thirty minutes; 70 per cent, alcohol, until
the yellow color given by the iodin disappears; 95 per cent, alcohol, thirty min¬
utes; absolute alcohol, fifteen minutes; 80 per cent, alcohol, five minutes; 50
per cent, alcohol, ten minutes, and finally in distilled water, where they may be
kept until stained.

The entire process should be carried out in staining-jars and only a few
preparations handled at a time.

While the preceding process may seem complicated, it will not be found so

in practice and the time consumed will be amply repaid by the excellent results
obtained. The preparations must be carried rapidly from one solution to another
as at no time must drying occur.

Staining the Preparations.—After the smears have remained in distilled
water for ten minutes or longer they are ready for staining and the method
selected will depend largely on the experience of the observer. I have found
that the ferric chlorid hematoxylin stain of Mallory gives excellent results, and
this is the method I would recommend for routine work. This stain and the
method of applying it were first brought to my attention in the study of the
entamebas by Dr. W. M. James of Ancon, and I have found both most valuable
in the differentiation of E. histolytica and E. coli. In the following (Dr. James')
method of staining, as in fixing, the greatest care must be taken that the smears

do not dry at any stage of the staining process :

1. Having washed the preparations thoroughly in distilled water, place them
on glass rods arranged over a large dish or jar, and pour over them a 10 per
cent, aqueous solution of ferric chlorid, so that the preparation is flooded. This
is the mordant and should be allowed to remain on the preparations for from
ten to fifteen minutes.

2. Drain the preparations, one by one, and pour over them at once a 1 per
cent, aqueous solution of hematoxylin, prepared by dissolving hematoxylin crys¬
tals in boiling distilled water until the mixture is cherry-red. The hematoxylin
solution should be freshly prepared and just warm to the hand when used. As
soon as the hematoxylin is added the mixture becomes black and the smear

disappears from view; but enough hematoxylin should be added to render the
smear just visible through the brownish-yellow solution covering it. The prepa¬
rations are now allowed to stain for from five to ten minutes.

3. Wash the preparations thoroughly in distilled water by pouring a consider¬
able amount over the smears or by placing them in at least two changes of dis¬
tilled water contained in a staining-jar.

4. Decolorize in a 0.5 per cent, ferric chlorid solution, the decoloration being
controlled by microscopic examination. When the majority of the entamebas
show a well-defined nucleus having a distinct membrane and contaning chromatin
granules, decoloration has reached the proper point and should be stopped. This
is accomplished by washing in distilled water. If the preparations are very
thick it will be necessary to use a 1 per cent, solution of ferric chlorid in
decolorizing.

5. After decolorization, the preparations are rinsed in distilled water, washed
in running tap-water for fifteen minutes, dehydrated in 95 per cent, and absolute
alcohol, cleared in xylol, and mounted in acid-free xylol balsam. If desired, the
preparations may be left in water for several hours, and they should remain in
each of the alcohols for at least fifteen minutes.
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While the preceding stain gives excellent results and is all that is
necessary in routine work, more nearly perfect results, as regards the
differentiation of nuclear structure, may be secured with the iron-
hematoxylin method of Heidenhain. This method of enabling the mor¬

phology of protozoa to be studied has never been surpassed; but it
requires considerable technical ability and experience before good results
are obtained.

Two solutions are used in this method which is, in brief, the following:
Solution 1 :

A 2.5 per cent, solution of iron alum. (Ferric ammonium sulphate.)
Solution 2:

Hematoxylin crystals. 1 gm.
Absolute alcohol. 10 gm.
Distilled water. 90 gm.

The hematoxylin is dissolved by heat in the water and the alcohol added when
the mixture is cold, after which it is placed in a dark glass bottle lightly corked
with cotton, and allowed to ripen for a month or six weeks, at the end of which
time it is tightly corked and ready for use.

Method of Using.—After fixing, as described, in sublimate-alcohol solution,
the preparations are thoroughly washed in distilled water, and placed in Solu¬
tion 1 for from eight to ten hours or over night; they are then rinsed in dis¬
tilled water and placed in Solution 2, where they should remain for from twenty-
four to forty-eight hours, after which they are rinsed, one by one, in distilled
water, and placed again in Solution 1. When this is done dense black clouds
come from the preparation but in from three to four minutes these almost dis¬
appear and only slightly blackish clouds are formed. When this point is reached
the preparations should be washed in distilled water, and placed in a jar contain¬
ing tap-water. The preparation should now be examined by mounting it in water
with a cover-glass and using a high-power dry lens (a % or %) and a 1-inch eye¬
piece. If the entamebas show a clearly defined nucleus containing chromatin
granules, the decolorization has been sufficient, but if not, the preparation is
again washed in distilled water, placed in Solution 1 for a second or two, then
mounted with a cover-glass in Solution 1 and examined under the microscope.
As soon as the entamebas show a well-defined nucleus, the specimen should be
rinsed in distilled water, dehydrated for ten minutes each in 50, 70 and 80 per
cent, alcohol, in 95 per cent, alcohol for fifteen minutes, and in absolute alcohol
for twenty minutes; cleared in xylol and mounted in acid-free xylol balsam.

While the Heidenhain stain is most reliable in experienced hands, I
am of the opinion that more mistakes have been made in the interpreta¬
tion of the morphology of entamebas stained in this manner than with
any other stain that has been used for this purpose. It is very easy to
carry the process of decolorization too far, and to make the nucleus of
E. coli resemble that of E. histolytica and I have repeatedly observed mis¬
takes made by the best protozoologists in diagnosing between these
species in preparations stained by the iron-hematoxylin method. For
this reason the Heidenhain method is not so generally useful as the
Mallory stain, for while some experience is required, even in the use of
the latter stain, it is not so difficult to manipulate and, to secure good
results, requires much less experience in its use.
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It should be remembered, however, that no staining method is as

useful in diagnosis as the examination of the living parasites, and while
such methods are absolutely essential for the study of the minute mor¬

phology and reproductive cycle of the entamebas they are not essential
either in the differentiation of E. coli and E. histolytica or in the clinical
diagnosis of entamebic infection.

When entamebas are well stained, by either of the methods here men¬
tioned, the cytoplasm is of a grayish color, while the nucleus is well
defined, the nuclear membrane and chromatinic granules being stained a

jet black. The entamebas may be confused, when stained, with other
protozoa occurring in the feces or with animal or vegetable cells. It is
seldom difficult for one who has had experience in the study of these
parasites to differentiate them from other organisms or cells, and the
cysts are very characteristic, by reason of their multiple nuclei. There
are some vegetable cells having two or more nuclei that are often con¬

fusing to the inexperienced, being mistaken for the cysts of entamebas,
but reference to the descriptions of the morphology of the true entamebic
cysts should prevent such confusion. Certain protozoa, as Trichomonas
hominis, Lamblia intestinalis and Balantidium coli might be confused
with the intestinal entamebas at certain stages in their development, but
such a mistake could be made only by one having a very superficial knowl¬
edge of protozoology. The Blastocystis hominis, a vegetable cell of
uncertain origin, has frequently been mistaken for encysted entamebas,
but differs greatly in morphology, only a small portion of the cell being
occupied by the cytoplasm, which contains a few granules of material
giving the staining reaction of chromatin.

A considerable number of pages might be written describing in detail
the bodies of various kinds that may be confused with the intestinal
entamebas, but only experience in this line of work will prevent mistakes,
and this is better gained by the study of actual preparations than by
reading about differential details.

THE DIFFERENTIAL DIAGNOSIS OF E. HISTOLYTICA AND E. COLI

The most recent observations on the intestinal entamebas have
rjparently proved that they pass through at least three distinct stages in
.neir life-cycle when morphological changes occur of such importance
that, unless one is well aware of them, grave errors may follow in their
interpretation, and the species thus be confused. This has been proved
by the number of years that elapsed before it was recognized that the
so-called E. tetragena is actually but one stage in the development of
E. histolytica, this being entirely due to false interpretation of the mor¬

phology and life-cycle of the parasite. The slavish insistence by some
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protozoologists on the absolute value of nuclear structure in the differ¬
entiation of the entamebas has been largely responsible for the mistakes
that have been made in the study of these parasites, and it is questionable
whether our knowledge has been advanced or delayed by the studies of
the morphologists who have devoted their energies to the study of
stained entamebas, instead of the living organisms.

When one remembers that slight variations in the technic of staining
may cause the nucleus of E. coli to resemble so closely that of E. histo¬
lytica that the most expert protozoologists have been misled and have
diagnosed one for the other, it will be easily understood how difficult it is
for those having but a limited experience to differentiate species by the
use of stained preparations.

The fact remains, that after over ten years of study of the intestinal
entamebas by numerous protozoologists, we are now, so far as species
are concerned, just about where we were immediately after the publica¬
tion of Schaudinn's paper. While many new species have been described,
and additions, important from a morphological point of view, have been
made to our knowledge, we must admit that, at present, only two species
of entameba have been actually proved to exist in the intestine of man,
and these are the two species described by Schaudinn. We have heard,
to adapt Omar :

great argument
About it and about: but, evermore,
Came out by the same door as in we went.

It is true, however, that in properly stained preparations there are

generally distinct differences in the appearance of the nucleus of E. his¬
tolytica and E. coli, that are sufficient to allow the experienced observer
to distinguish them; while the.cysts are quite characteristic for each
species. Moreover, it is possible to differentiate them in the living con¬

dition, and this is undoubtedly the preferable method for the clinician.
It should be understood that the morphology of these parasites varies
greatly with the character of the feces containing them, and, therefore,
with the clinical character of the infection, in the case of E. histolytica.
The morphology of the latter species in cases of acute dysentery is quite
different from that present in the subacute and chronic infections, so

that it becomes necessary to describe the morphology of these parasites
as related to the clinical course of the infection.

For convenience of description I shall consider the differentiation of
E. histolytica and E. coli during the vegetative, precystic and cystic
stages of development, in both living and stained preparations, indicating
in the description the clinical character of the infection present at each
stage of development, in the case of E. histolytica.
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THE DIFFERENTIATION OF E. HISTOLYTICA AND E. COLI IN THE VEGETA¬
TIVE STAGE OF DEVELOPMENT

The morphology of these parasites varies greatly during the vegeta¬
tive stage of development, being most typical when the feces are liquid in
character, and, in the case of E. histolytica, when the most acute symp¬
toms of dysentery are present. When the feces are semisolid in con¬

sistence, as in acute dysentery improving under appropriate treatment,
the morphology of this species is that described for the vegetative stage of
tetragena or the so-called precystic stage; while in the acute exacerba¬
tions that occur in chronic entamebic dysentery, the nucleus of E. his¬
tolytica is typical of the tetragena type of nucleus.

DIFFERENTIATION OF THE LIVING ENTAMEBAS

As I have stated, E. histolytica and E. coli may be distinguished in
the living condition and this will be found the best method in ordinary
practice.

Size.—It is impossible to differentiate the two species from the size
of the organisms, for while E. histolytica, in the vegetative stage of
development, is generally larger than E. coli, individuals of the latter
species are observed that are fully as large as the average histolytica, and
in the subacute types of dysentery E. histolytica may even average
smaller than E. coli. It is when acute symptoms of dysentery are present
that E. histolytica attains its largest size, measuring sometimes as much
as 80 microns in the long diameter, when moving, but the average meas¬
urement is from 25 to 40 microns in diameter, when motionless. The
measurement of E. coli is from 15 to 50 microns in diameter, but, as a

rule, this species does not exceed 25 microns, although I have observed
specimens measuring as much as 60 microns in diameter.

Shape.—E. histolytica is much more actively motile than E. coli, and,
for this reason, varies more in shape when observed in freshly passed
specimens of feces. While the latter is generally spherical or irregularly
oval in shape, E. histolytica may be much elongated, finger-shaped, or
very irregular, owing to its marked motility. Shape is of very little
value, however, in the differentiation of the two species.
Motility.—In freshly voided feces E. histolytica is very actively

motile when compared with E. coli, and this is a most valuable means of
distinguishing them under the condition mentioned, for I have never

observed a specimen of the latter species that approached in motility the
commonly observed specimens of E. histolytica. In histolytica, motion
is generally progressive in character, while in coli it often consists only
in the sending out and withdrawal of pseudopodia unaccompanied by
progressive motility. Even when progressive motion is observed in
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E. coli it is sluggish in character, and very easily distinguished from the
motion of E. histolytica when the two species are observed side by side.
In my paper published in 190518 I called attention to the great value of
motility in distinguishing between these two parasites, and in 190819
stated that "the motility alone will serve to distinguish these organisms,
if both be observed in freshly voided feces ; for it will invariably be found
that the amebas exhibiting the most active form of motility will present
morphological features which show that they belong to the pathogenic
species." This opinion I still hold, and it is now held by most investi¬
gators who have carefully studied the living organisms.

Cytoplasm.—The cytoplasm of E. histolytica is divided into two well-
defined portions, the ectoplasm and the endoplasm. The distinction
between the two is most marked when the parasite is moving, the glass¬
like ectoplasm in the advancing pseudopodium being very clearly defined
from the more granular and grayish endoplasm, but even in the motion¬
less entameba there is frequently visible a narrow rim of clear ectoplasm.
The ectoplasm is hyaline and glass-like in appearance while the endo¬
plasm is granular or alveolar in structure and much less retractile.
Vacuoles are often absent in organisms observed in freshly voided feces,
but appear in the cytoplasm as the feces become cold. The clear, hyaline,
homogeneous-appearing ectoplasm of this species is very characteristic
and furnishes one of the most valuable differential features between it
and E. coli, as they are observed in the living condition.

The cytoplasm in E. coli is also divided into an ectoplasm and endo¬
plasm, but the two portions are poorly defined when compared with
E. histolytica. The ectoplasm of E. coli, while distinguishable in the
moving organism, does not present the clear glass-like appearance of that
of E. histolytica, but approaches very closely to the endoplasm in appear¬
ance, and gradually merges with it, instead of presenting the well-marked
line of demarcation between the two portions almost always observed in
histolytica. In most instances the endoplasm of E. coli contains one or
more vacuoles, although not infrequently specimens are observed that are
free from vacuoles.

To one who has had considerable experience in the study of these
parasites in the living condition, the differences in the appearance of
the ectoplasm and endoplasm are alone sufficient to distinguish the two
species.

Phagocytosis of Erythrocytes.—In my early papers20 I called atten¬
tion to the facts that E. histolytica was actively phagocytic for red blood-
18. Craig, Charles F.: Am. Med., 1905, ix, 854, 897, 937.
19. Craig, Charles F.: Jour. Infect. Dis., 1908, v, 324.
20. Craig, Charles F.: Am. Med., 1905, ix, 854, 897, 937; Internat. Clin., 1905,

Series 14, iv, p. 242; Jour. Infect. Dis., 1908, v, 324.
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corpuscles, while E. coli was only rarely observed to contain them, and
that this was a very valuable means of distinguishing the two species.
This observation has been confirmed by almost every investigator who
has studied these parasites in the living condition, and while the absence
of erythrocytes from the cytoplasm of an entameba is of no diagnostic
importance, their presence in any number in an entameba observed in
feces is absolute proof that we are dealing with E. histolytica. In feces
containing blood, specimens of histolytica are frequently observed con¬

taining erythrocytes, sometimes being absolutely filled with them, while
in the same feces, specimens of E. coli are generally entirely free from
erythrocytes, and, at most, contain but one or two. This fact is very
useful in differentiating the species, and James, in an unpublished
article, the manuscript of which he kindly sent me, says, regarding the
phagocytosis of erythrocytes by these parasites :

In mixed infections I have often observed erythrocytes in varying quantities
in the interior of the pathogenic organisms, but I found them rarely within the
coincident E. coli, and then only one or two at a time. Absence of erythrocytes
from the endoplasm is not of any particular value in differentiation, but their
presence in any quantity is a certain indication of a pathogenic species.
It will thus be seen that James, who has had an extensive experience

in the study of these parasites on the Isthmus of Panama, confirms all
that I have previously claimed regarding the importance of this phe¬
nomenon in the entameba. A good clinical rule to follow, therefore, is
that an entameba occurring in a dysenteric stool and containing erythro¬
cytes should be regarded as E. histolytica.

The Nucleus.—The characteristics of size, shape and division into
ectoplasm and endoplasm are similar for E. histolytica as observed in the
feces from acute dysentery cases and during the acute exacerbations in
the chronic stage of the disease, but this is not true of the appearance
of the nucleus, in either fresh or stained preparations. It was the non-
recognition of this fact that led to the description of the so-called
E. tetragena as a new species, when, in reality, one stage in the develop¬
ment of E. histolytica was being observed. We now know that the
nuclear structure of this species may vary, at various stages in the life-
history, from that typical of histolytica, as described by Schaudinn, to
that typical of tetragena, as described by Viereck and Hartmann, this
variation being accompanied by definite changes in the clinical picture
of infection with this species. When the disease is in the most acute
stage, E. histolytica presents the typical histolytica type of nucleus, while
in the subacute stage, and during the acute exacerbations of the infec¬
tion in chronic cases, the tetragena type of nucleus is present. As the
latter type of nucleus approaches that of E. coli morphologically, it is
most important to differentiate it from the latter, and this is possible
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in stained preparations, but in living organisms the differentiation of
the two species must be made on other features than the structure of the
nucleus, when the tetragena type is present.
In acute cases of dysentery the nucleus of E. histolytica is usually

invisible, and, when visible, consists only of a very delicate, retractile
ring, representing the nuclear membrane, containing within it one

or more retractile granules, representing the chromatin. In the vast
majority of instances the nucleus of this species is invisible in cases

presenting acute symptoms of dysentery, thus distinguishing it from
E. coli, in which the nucleus is almost invariably visible in the living
parasite.

The nucleus of E. colt consists of a well-defined ring of retractile
granules, containing within it either scattered retractile granules, or a

refractile mass near the center representing the karyosome. It is much
larger than the nucleus of E. histolytica and can be seen with but little
difficulty in either the motile or the immotile entamebas.
In E. histolytica the nucleus is generally situated near the periphery

of the organism and changes its position rapidly with the movements of
the ectoplasm or endoplasm, while in E. coli the nucleus is more central
in position, and, owing to the slight motility of this species, it tends to
remain stationary in the endoplasm.
In the subacute and early chronic cases of dysentery, however, when

the nucleus of E. histolytica is of the tetragena type, it is also almost
always visible, having a well-defined nuclear membrane consisting of a

ring of refractile granules, while within it there is considerable chromatin
in the form of refractile granules or masses. In my opinion, one would
have to be very confident in his ability to differentiate minute mor¬

phology to assert that the nucleus of E. histolytica could be differentiated
from that of E. coli in living organisms, when the tetragena type of
nucleus is present. At this time the differentiation of the two species
must rest on other data, as I have stated.

From what has been said it is evident that the differentiation of
E. histolytica and E. coli, in the living condition and during the vegeta¬
tive stage of existence, depends on several factors, the most important
being motility, character of the ectoplasm and the endoplasm, and the
phagocytosis of erythrocytes. In making such a differentiation I believe
that any entameba occurring in the intestinal tract of man, possessing
active motility of progressive character, having a well-differentiated
ectoplasm and endoplasm, and containing erythrocytes, may unhesitat-
inly be diagnosed as E. histolytica; while an entameba having but slug¬
gish motility, slight differentiation of the ectoplasm and endoplasm, and
no erythrocytes in the endoplasm when the feces contain blood may be
correctly regarded as E. coli. I myself would not hesitate to make a
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diagnosis of E. histolytica when the feces contain entamebas with ery¬
throcytes within them, and I believe that this is a safe clinical rule to
adopt.

DIFFERENTIATION IN STAINED PREPARATIONS

The differentiation of E. histolytica and E. coli in stained prepara¬
tions, during the vegetative stage of development, depends entirely on

the morphology of the nucleus and on the presence of erythrocytes within
the cytoplasm. Neither shape nor the size, neither the presence or num¬
ber of vacuoles nor the distinction between ectoplasm and endoplasm is
of the least value in the differentiation of the species in preparations
stained in the manner described in this contribution.

As in the living specimen, the presence of red blood-corpuscles within
the endoplasm is sufficient to differentiate E. histolytica from E. coli, but
very frequently the feces do not contain blood, and in such instances
differentiation must depend entirely on the structure of the nucleus.
This can be done, in properly stained preparations, by one experienced
in the study of the protozoa, but, unless this is true, it is much more

safe to rely on the differences in the morphology of the living parasites
in differentiating the two species during the vegetative stage of life.

The Nucleus.—In wet-fixed and hematoxylin-stained preparations the
nucleus of E. histolytica presents two distinct morphological types, the
true histolytica type (Fig. 1), found in the most acute cases of dysentery,
and the tetragena type (Fig. 2), found in the subacute or more chronic
cases of the disease.

The histolytica type of nucleus, the species type, is spherical or oval
in shape in the stained preparations, although if pressure has been used
in making the smears the nucleus may be much distorted. It is charac¬
terized by the very delicate nuclear membrane, stained black, and often
not more than a line in thickness. In some instances the membrane is
thickened at one portion of the periphery, giving it a crescentic appear¬
ance. On the inner side of the nuclear membrane very minute dots of
black-stained chromatin may sometimes be observed, while at the center
of the nucleus there is a very minute and delicate karyosome, usually
composed of a single dot or mass of chromatin. In rare instances a

minute granule of chromatin, more deeply stained than the karyosome.
may be seen lying within the latter, forming the centriole.

Within the nuclear plasma between the karyosome and the membrane
a few minute dots of chromatin may be visible, lying on the nodal points
of a faintly stained linin network, but very many organisms are observed
in which the nucleus appears to consist only of a delicate nuclear mem¬
brane enclosing a minute karyosome, the hyaloplasm being entirely free
from chromatin. At this stage of development the amount of nuclear
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Fig. 1.—Vegetative form (trophozoite) of E. histolytica, showing typical
histolytica type of nucleus; X 1,300. This and the following photomicrographs
were taken with a No. 2 eye-piece and a ^ü oil-immersion objective. All speci¬
mens were wet-fixed and stained with iron-hematoxylin. The photomicrographs
were taken by Capt. Arthur C. Christy, Army Medical School, Washington, D. C,
to whom my thanks are due for many courtesies.

Fig. 2.—Vegetative form of JE?, histolytica showing tetragena type of
nucleus X 1,300.

Fig. 3.—Vegetative form of E. histolytica showing simple division. One
nucleus is of the typical histolytica type, while the other is of the tetragena
type; X 1,300.

Fig. 4.—Vegetative form of E. histolytica, in which the two nuclei resulting
from division are of a modified tetragena type; X 1.300.

Fig. 5.—Vegetative form of E. histolytica undergoing simple division. The
two nuclei are of the tetragena type; X 1,300.

Fig. 6.—Vegetative form of E. coli. Note clumps of chromatin on nuclear
membane and the large compact karysome; X 1,200.
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chromatin is much less in E. histolytica than in E. coli, while the nuclear
membrane and karyosome are much more delicate in appearance.
In parasites undergoing simple division two nuclei may be observed,

both of the histolytica type, although rarely one of the nuclei may be of
the tetragena type, as shown in Figure 3. In the histolytica type of
nucleus I have never observed the well-marked cyclical changes so char¬
acteristic of the tetragena type of nucleus.

The tetragena type of nucleus, which is characteristic of E. histolytica
during certain stages of its development, differs so markedly from the
histolytica type that for several years entamebas showing this type of
nucleus were regarded as belonging to a distinct species. The nuclear
membrane, in stained preparations, is of considerable thickness as com¬

pared with the membrane of the histolytica type and large clumps of
chromatin are not infrequently observed on its inner surface. The
chromatin may be collected at the center of the nucleus, forming a deeply
stained, solid-appearing karyosome closely resembling that of E. coli, or
more frequently, it has a characteristic arrangement within the nucleus,
either being scattered on the inner side of the nuclear membrane or as

minute, deeply stained granules on the dimly stained linin network, while
the karyosome is comparatively large, irregular or roughly spherical in
shape, surrounded by an unstained area, and containing a well-defined
centriole. The latter consists of a deeply stained dot or mass of chro¬
matin, sometimes also surrounded by an unstained area.

Certain well-defined cyclic changes, first described by Hartmann,
occur in the nucleus of E. histolytica when the tetragena type of nucleus
is present, and these changes are much more prominent in this species
than in E. coli. The karyosome sometimes appears as a fine network
enclosing an unstained area within which lies the centriole, which may
show division into two granules ; the outer border of the karyosome may
be bounded by an unstained area of some extent, at the outer border of
which the linin network is observed, the boundary of the clear unstained
area being formed of distinct dots of chromatin circularly arranged.
Again, the karyosome may stain almost uniformly throughout, the cen¬

triole appearing as a more deeply stained central dot, or it may be
invisible. The linin network varies in staining qualities, at times being
quite distinct while at others it is almost unstainable. Lying on the
linin network there are generally numerous dots of chromatin which also
vary in their arrangement, while the inner border of the nuclear mem¬
brane is covered with minute granules of chromatin, or irregular, larger
masses, quite like those occurring commonly on the nuclear membrane
of E. coli. These changes in the morphology of the nucleus of E. his¬
tolytica are certainly very characteristic of the species, for while some-
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what similar changes also occur in the nucleus of E. coli, they are much
less striking and offer no difficulty in the differentiation of the species.
In many instances, if one searches carefully, intermediate types of

nuclei between the histolytica and tetragena types may be observed in
E. histolytica, and organisms are observed containing two nuclei (Fig. 4).
These parasites are undergoing simple division and the two nuclei may
be of the histolytica, tetragena (Fig. 5) or intermediate type, or one may
be of the histolytica type while the other is of the tetragena type, as

already noted.
In stained specimens degenerative forms of E. histolytica are fre¬

quently observed, in which the nucleus has either wholly or partially
disappeared and the cytoplasm contains threads, granules and blocks of
chromatin. These are the forms that have been mistaken in the past
for reproduction \>y gemmation or budding, and that have caused so much
confusion in the differentiation of the species. In order to avoid such
confusion it is a good working rule to regard any entameba showing
chromidia within its cytoplasm as a degenerating organism which should
not be considered in distinguishing between E. histolytica and E. coli.

The nucleus of E. coli differs from either the histolytica or tetragena
type of nucleus of E. histolytica in being much richer in chromatin,
having a thicker nuclear membrane, and a larger and more compact
kaiwosome, in which cyclical changes are not so pronounced. While this
is true of the vast majority of entamebas of this species, there do occur
specimens of coli that have a nucleus very hard to distinguish from the
nucleus of E. histolytica, when that nucleus is of the tetragena type, so
that one should study several entamebas in every specimen of feces before
arriving at a conclusion regarding the presence or absence of either
species.

The nuclear membrane of E. coli is quite thick and stains an intense
black with hematoxylin. It is even thicker than that of the tetragena
type of E. histolytica, and presents on its inner surface granules or, more
frequently, clumps of chromatin (Fig. 6). The karyosome most often
appears as a deeply staining mass of chromatin, of comparatively large
size, centrally situated within the nucleus, and containing no well-defined
centriole. In some instances a centriole may be distinguished as a more

deeply staining mass of chromatin near the center of the karyosome. In
this species certain cyclical changes also occur in the nucleus and its
appearance varies at different times; but they are not so evident as in
the tetragena type of nucleus of E. histolytica. When there is a well-
defined and large karyosome there is little evidence of a linin network or
of chromatin within it or on the inner surface of the nuclear membrane,
but when division of the karyosome occurs the linin network is clearly
visible in well-stained specimens, contains much chromatin in the form
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of fine granules, and large clumps of chromatin may be observed on the
inner side of the nuclear membrane (Fig. 6). The nucleus of E. coli is
considerably larger than that of E. histolytica, in the vegetative stage of
development, and, while it may at times resemble the latter in mor¬

phology, the thicker nuclear membrane, larger size (Fig. 15), more com¬

pact karyosome, and the larger masses of chromatin on the inner side of
the nuclear membrane, should serve to distinguish it from any stage in
the development of the nucleus of E. histolytica.

Specimens of E. coli are not infrequently observed undergoing simple
division (Fig. 8), and in stained preparations it is possible to study this
process from the initial division of the centriole to the complete division
of the nucleus. Very frequently organisms are observed in which the
karyosome consists of two deeply staining oval masses of chromatin
situated near the center of the nucleus or near its periphery ; others are
observed in which the inner side of the nuclear membrane is covered·
with large, irregular clumps of chromatin, the karyosome having dis¬
appeared; and still others are observed containing two well-developed
nuclei possessing the typical coli morphology, either situated side by side,
or at some distance from one another.

Degenerative forms of this species also are frequent in stained prep¬
arations and may cause confusion ; but a little study of them should be
sufficient to lead to a correct diagnosis regarding their nature.
In summary, the following points are of most assistance in differen¬

tiating E. histolytica from E. coli, in stained preparations, during the
vegetative stage of existence :

1. The delicate nuclear membrane and minute karyosome of E. his¬
tolytica, when the histolytica type of nucleus is present.

2. The presence of the loose karyosome, surrounded by an unstained
area, and enclosing a well-defined centriole, characteristic of the nucleus
of E. histolytica, when the tetragena type of nucleus is present.

3. The character of the chromatin observed on the inner side of the
nuclear membrane in E. histolytica, the granules or clumps being smaller
and less numerous than in E. coli.

4. The presence of erythrocytes within the cytoplasm, characteristic
of E. histolytica.

The nucleus of E. coli is characterized, in stained preparations, by the
thick nuclear membrane; the large, compact karyosome in which the,
centriole is either invisible or ill defined; and by the large clumps of
chromatin frequently observed on the inner boundary of the nuclear
membrane.

Downloaded From: http://archinte.jamanetwork.com/ by a University of Iowa User  on 06/01/2015



Fig. 7.—Very large cyst of E. coli, showing the large vacuole that is fre¬
quently present in the cysts before the primary division of the nucleus. Note
the spindle-shaped karyosome which is frequently observed just prior to the
division of this portón of the nucleus; X 1,200.

Fig. 8.-—Young cysts of E. coli, showing division of the karyosome and the
thick nuclear membrane; X 1,200.

Fig. 9.—Precystic form of E. coli. Note reduction in size and the elongation
of the karyosome prior to division; X 1,200.

Fig. 10.—Early cystic stage of E. histolytica, showing small size and typical
nucleus; X 1,150.

Fig. 11.—Encysted form of E. histolytica, showing the division of the primary
nucleus into two nuclei; also the large chromidial masses characteristic of this
species; X 1,150.

Fig. 12.—Encysted form of E. histolytica, showing the four daughter nuclei
characteristic of the fully developed cyst; also a large chromidial body; X 1,150.
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THE DIFFERENTIATION OF E. HISTOLYTICA AND E. COLI IN THF, PRECYSTIC

STAGE OF DEVELOPMENT

When the symptoms of dysentery are disappearing, that is, in sub-
acute cases, there occurs a stage in the developmental cycle of E. histo¬
lytica in which the parasite becomes markedly reduced in size (Fig. 10)
and the structure of the nucleus tends to assume a phase intermediate
between that of the histolytica and tetragena types. This is the so-called
pi'ecystic stage of the parasite and, as it occurs when symptoms are slight
or practically absent, it is of importance that these entamebas be dis¬
tinguished from the harmless E. coli. Unfortunately, it is just at this
stage in their development that it is most difficult to differentiate the two
species, and if only these forms be present it is often impossible. Enough
typical vegetative or cystic forms are usually present, however, to enable
one to make the diagnosis. In my opinion, it is this stage in the develop¬
ment of E. histolytica that has been described by Elmassian as E. minuta.
Living Preparations.—In the precystic stage of development E. his¬

tolytica is markedly reduced in size, the average measurement being from
10 to 20 microns in diameter; there is less distinction between the
ectoplasm and endoplasm; motility is absent or very sluggish; and a

nucleus is generally visible. It will thus be seen that at this stage of
development this species is practically indistinguishable from E. coli, in
the living condition. A careful search will generally reveal the presence
of typical cysts or vegetative forms, however, but unless such are present,
it must be confessed that it is mere guesswork, in the vast majority of
instances, to state that E. histolytica is the parasite present.

Stained Preparations.—It is fully as difficult to differentiate the two
species in the stained as in the living preparations, when they are in the
precystic stage of development. At this time the nucleus of E. histolytica
is morphologically intermediate in structure between that of the histolytica
and tetragena type, the nuclear membrane being thickened, and the kary¬
osome more compact and uniformly staining, while the centriole is often
indistinguishable. All of these changes cause the nucleus of this species
to resemble that of E. coli, there being a very considerable increase in the
amount of nuclear chromatin preparatory to encystment. I believe that
it is practically impossible, in the vast majority of instances, to differen¬
tiate the two species in stained preparations, at this time; but, as has
been said, a careful search of the feces in such infections will generally
show a few typical cysts or vegetative entamebas.

Very frequently the cytoplasm of both species contains chromidia
in the form of threads, granules or clumps, and it is difficult to be sure

whether such organisms are degenerating or whether the appearance of
the chromidia is a normal process.prior to cyst formation. These forms,
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however, may be disregarded as they are of no value in differentiating
between the two species.
THE DIFFERENTIATION OF E. HISTOLYTICA AND E. COLI IN THE CYSTIC

STAGE OF DEVELOPMENT

When the stools are semiformed or formed, following an attack of
entamebic dysentery, or in the intervals between recurrences, E. his¬
tolytica undergoes encystment, the cyst containing four nuclei (Fig. 12)
when fully developed. In formed stools E. coli also occurs in the encysted
stage of development, the cyst of this species producing eight or more
daughter nuclei (Fig. 13), eight being the normal number. As the cysts
are the active agents of infection in both species, persons harboring them
are efficient "carriers" of the infection, and hence the great importance
of their discovery, especially in the prophylaxis of entamebic dysentery,
which is caused by E. histolytica. Fortunately the cysts of E. histolytica
and E. coli are quite easily recognized and differentiated both when
living and when stained, and the routine examination of formed stools
for these cysts in every person giving a history of diarrhea or dysentery
should become as much a part of diagnostics as the examination of the
sputum of persons giving a history of chronic cough. The following are
the most characteristic features of the morphology of the cysts in both
living and stained preparations.
Living Preparations.—The cysts of both species are spherical or oval

in shape, refractive, and present a cyst wall which varies considerably in
appearance with the age of the cyst, being delicate and single in outline
in the younger cysts, and thicker and having a double outline in the
older cysts.

Size.—The cyst of E. histolytica varies from 10 to 20 microns in
diameter, the average being about 12 microns. The cysts of E. coli vary
from 10 to 25 microns in diameter, the average being about 15 microns.
It will thus be seen that the cysts of coli are considerably larger than
those of histolytica, an important differential point.

Cyst Wall.—The cyst wall of both species, in the newly formed cysts,
consists of a delicate membrane about a line in thickness, but in the older
cysts the wall becomes much thicker, and generally has a double outline.
The double outline is more distinct in the cysts of E. coli than in those
of E. histolytica, but a differentiation of the species cannot be made from
the character of the cyst wall.

Cytoplasm.—The appearance of the cytoplasm of the cysts of both
species varies also with the age of the cyst. In the younger cysts the
cytoplasm appears granular, and, in the case of E. coli, not infrequently
contains included bodies, as bacteria and yeast-cells, but in the older
cysts these have disappeared prior to nuclear division. In the early
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stages of nuclear division, before and directly after the primary division
of the nucleus, a large vacuole may be present in the cytoplasm in both
species, but afterward this vacuole disappears in the developing cysts.

Chromidia.—In the cysts of E. histolytica the cytoplasm very fre¬
quently contains brightly refractive, spindle-shaped, or irregular masses
of chromatin, of large size, which are practically characteristic of the
cysts of this species. While somewhat similar chromidial masses may
rarely occur in the cysts of E. coli, I believe that it is justifiable to make
a diagnosis of the presence of the cysts of E. histolytica, if these chro¬
midial masses are present within the cyst. In the living organism they
are very refractive and appear as shining masses within the cyst.

Nuclei.—The cysts of E. histolytica, when fully developed, are char¬
acterized by the presence of four nuclei. This number is never exceeded,
in my experience, and any specimen of feces containing cysts containing
no more than four nuclei may be considered as infected with this species.
The nuclei appear as refractive, ring-like bodies within the cytoplasm,
and it is generally necessary to focus up and down in order to bring them
all into view, as they lie at different levels in the cyst. Any number of
nuclei, up to and including four, may be seen in the cysts of E. his¬
tolytica, but never more than four.

The cysts of E. coli contain eight or more nuclei, when fully devel¬
oped, the normal number being eight, but this is not infrequently
exceeded, as cysts of this species may be observed that contain ten (Fig.
14), twelve, fourteen or even sixteen nuclei. The nuclei appear as

refractive ring-like bodies, indistinguishable from those of E. histolytica.
In my experience, any entamebic cyst occurring in the feces of man and
containing more than four nuclei is the cyst of E. coli.

From the foregoing it is evident that in the living condition the cyst
of E. histolytica may be distinguished from that of E. coli by its smaller
size, the presence of the characteristic chromidial masses within the
cytoplasm, and of from one to four nuclei. The cyst of E. coli is larger,
has no chromidial masses, and may contain from one to sixteen nuclei,
the normal number being eight.

Stained Preparations.—In the stained preparation, as in the living
organism, the cyst of E. histolytica is smaller than that of E. coli, and
the membrane is thinner and does not so often present a double outline.
The characteristic differences, however, are the chromidial masses and the
number of nuclei. The chromidial masses stain almost black and vary
in number, only one or two being present generally. The nuclei stain
intensely and are easily distinguished, but as they lie at different levels
in the cysts it is necessary to focus carefully in order to be sure of the
exact number. The number present, of course, determines the species of
the cyst, the cysts of E. histolytica containing generally from two to four
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Fig. 13.—Cyst of E. coli containing eight nuclei. Only six are visible in the
photomicrograph because two lay at a different level in the cytoplasm and thus
are out of focus. Note size of cyst in comparison with cyst of E. histolytica;
X 1,200.
Fig. 14.—Cyst of Entameba coli containing ten nuclei. Only five are visible,

five being out of focus owing to their position in the cytoplasm. Note large size
of cyst; X 1,200.

Fig. 15.—Vegetative form of E. coli. Note heavy nuclear membrane and large
compact karysome; X 1,200.

Fig. 16.—Vegetative form of E. coli. Very large specimen showing typical
nucleus; X 1,200.
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nuclei, while those of E. coli generally contain from two to eight nuclei,
this number being sometimes exceeded.

The structure of the nucleus as observed in stained preparations is
quite similar, in each species, to that already described as characteristic,
and, to one who has had much experience in the examination of these
parasites, may alone be sufficient to differentiate the species, but this is
best accomplished by attention to the number of nuclei present.
In almost every specimen examined cysts may be observed that are

evidently undergoing degeneration, the cytoplasm containing numerous

vacuoles and threads and granules of chromatin, while no nuclei are
visible. These degenerate cysts have caused much confusion in the classi¬
fication of entamebas, but are easily recognized and should not be con¬

sidered in the differentiation of the two species under discussion. The
normal cysts always contain well-stained nuclei and show no chromidia
in their cytoplasm, with the exception of the large chromidial masses
already described as characteristic of E. histolytica.

A tabular arrangement of the chief differential points between E.
histolytica and E. coli, in both the living condition and in stained prep¬
arations as given below, may prove of service in the diagnosis of the
species. It should be remembered, however, as I have stated elsewhere,21
that "a differential diagnosis of these species does not rest on the presence
of a single morphological feature, but should only be made after a careful
consideration of all morphological data as well as the life-cycle of the
organisms investigated." While this is true, it is also true that there are
certain morphological characters that are actually specific, as the pres¬
ence, in any number, of erythrocytes in the cytoplasm of E. histolytica, its
four nucleated cyst, and the eight nucleated cyst of E. coli. When these
are present it is an easy matter to distinguish the two species, but if only
the precystic forms can be found, the differentiation is most difficult,
requiring frequent examinations and the study of the life-cycle of the
parasites.
IMPORTANT POINTS IN THE DIFFERENTIATION OF E. HISTOLYTICA AND

E. COLI
VEGETATIVE STAGE OF DEVELOPMENT: LIVING PREPARATIONS

E. histolytica E. coli
Actively motile. Sluggishly motile.
Ectoplasm glass-like. Clearly dif- Ectoplasm poorly differentiated from
ferentiated from endoplasm. endoplasm. Not glass-like in ap¬

pearance.
Nucleus often indistinct or invisible. Nucleus visible and distinct.
Erythrocytes present in endoplasm Erythrocytes absent from endoplasm
when stools contain blood. Very when stools contain blood,
characteristic.

21. Craig, Charles R.: The Parasitic Amebae of Man, Philadelphia, 1911,
p. 195.
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VEGETATIVE STAGE OF DEVELOPMENT: STAINED PREPARATIONS

Delicate nuclear membrane and min¬
ute karyosome, when histolytica
type of nucleus is present.

Well-defined karyosome surrounded
by an unstained area and contain¬
ing a centriole, when the tetragena
type of nucleus is present.

Smaller granules and clumps of chro¬
matin on inner side of nuclear
membrane.

Cyclical changes very marked in the
nucleus when the tetragena type is
present.

Erythrocytes present in endoplasm
when stools contain blood.

Thick nuclear membrane and large
compact karyosome (Fig. 15).

Centriole generally invisible or indis¬
tinct.

Large granules and clumps of chro¬
matin on inner side of nuclear
membrane (Fig. 16).

Cyclical changes less marked in
nucleus.

Erythrocytes absent from endoplasm
when stools contain blood.

PRECYSTIC STAGE OF DEVELOPMENT: LIVING AND STAINED PREPARATIONS

In both the living condition and in stained preparations the differentiation
of E. histolytica and E. coli is most difficult in this stage of development, and
often impossible. The diagnosis should rest on the character of the vegetative
or cystic forms that are almost invariably present together with the precystic
forms.

CYSTIC STAGE OF DEVELOPMENT: LIVING AND STAINED PREPARATIONS

E. histolytica
Cyst smaller.
Cyst wall thin. Double outline less
frequently observed.

Cyst contains characteristic chro¬
midial bodies.

Cyst contains from one to four
nuclei; never over four.

E. coli
Cyst larger.
Cyst wall thick. Double outline fre¬
quently observed.

Cyst does not contain chromidial
bodies.

Cyst contains from one to sixteen
nuclei, the normal number being
eight when the cyst is fully de¬
veloped.

In conclusion I would urge the value of the study of the living par¬
asites rather than stained preparations, in the differentiation of these
two species of entamebas. I am convinced that for most clinicians this is
the best and most practical method of distinguishing them, and that it
is only those who have had a very limited experience in the study of the
living entamebas who insist on the necessity of staining them in order to
differentiate them. The data given in this paper are the result of the
study of nearly twelve hundred cases of entamebic dysentery and of
hundreds of infections with E. coli, and, in almost every case, I think it
can be stated that the differentiation of E. histolytica and E. coli was
first made on the living parasites without any special difficulty. In view
of this experience I am greatly in favor of the study of living organisms
rather than of stained preparations in attempting to distinguish the two
species. There is one exception to this rule, and that is in the case of
the cysts. I believe that the stained cysts are more readily differentiated
than the living cysts, and in the search for "carriers" of these bodies
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better results will be obtained if stained preparations are made, as well as
living preparations.

The differentiation of the harmless Entameba coli from the patho¬
genic Entameba histolytica, and the discovery of "carriers" of the latter
species, are not academic questions, but are of the most vital importance
in the diagnosis, treatment and prophylaxis of dysentery, and for this
reason the microscopical examination of the feces, now so much neglected
by the physician, should become a routine measure in the clinical study
of every patient in regions where entamebic dysentery occurs.
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